Factors controlling the mechanism of NAD(+) non-redox reactions.
β-Nicotinamide adenine dinucleotide (NAD(+)) is an indispensable coenzyme or substrate for enzymes involved in catalyzing redox and non-redox reactions. ADP-ribosylating enzymes catalyze cleavage of the nicotinamide-glycosyl bond of NAD(+) and addition of a nucleophilic group from their substrate proteins to the N-ribose anomeric carbon of NAD(+). Although the role of the nicotinamide-ribose fragment in the mechanism of NAD(+) hydrolysis has been examined, the role of the doubly negatively charged, flexible, and chemically reactive NAD(+) diphosphate moiety in the reaction process has largely been neglected. Thus, the participation of the pyrophosphate group in stabilizing intra- and intermolecular interactions in the ground state and transition state has not been explored. Furthermore, the roles of other factors such as the type/nucleophilicity of the attacking nucleophile and the medium in influencing the reaction pathway have not been systematically evaluated. In this study, we endeavor to fill in these gaps and elucidate the role of these factors in controlling the NAD(+) nicotinamide-glycosyl bond cleavage. Using density functional theory combined with continuum dielectric methods, we modeled both S(N)1 and S(N)2 reaction pathways and assessed the role of the diphosphate group in stabilizing the (i) NAD(+) ground state, (ii) oxocarbocation intermediate, (iii) reaction product, and (iv) nucleophile. We also assessed the chemical nature of the attacking nucleophile and the role of the protein matrix in affecting the reaction mechanism. Our results reveal an intricate interplay among various factors in controlling the reaction pathway, which in turn suggests ways in which the enzyme can accelerate the reaction.